It is now widely accepted, based on data from model organisms and humans, that multicellular organisms routinely get rid of unwanted, excess, or used cells [1] . This process of cell clearance, as well as many components of the engulfment machinery involved, appear to be evolutionarily conserved [2] . Normally, cell clearance is mediated by professional phagocytes (e.g., macrophages), which are more adept at eating, and by non-professional phagocytes (e.g., epithelial cells and fibroblasts), which often have a tissuespecific role but are also capable of eating dying cells when necessary [3] . While most of these cell clearance processes involve 'phagocytosis' of whole dying cells, there are emerging examples in which a living cell extends processes which need to be 'trimmed' -one of the best examples being the pruning of dendrites by neighboring glial cells in the nervous system [4] . Now, in a recent paper, Abdu et al. [5] report a novel form of such 'partial eating', which the authors term 'cannibalism', whereby the endodermal cells of the developing Caenorhabditis elegans embryo actively ingest lobes from primordial germ cells (PGCs). Importantly, this cannibalism leaves the rest of the PGC viable and influences the size and composition of PGCs during development. This finding illustrates the importance of partial cellular engulfment for an organism's survival and hints at a conserved mechanism for cellular 'gnawing'.
After fertilization of the oocyte, the newly formed zygote undergoes a series of orchestrated events resulting in the formation of the gastrula, which consists of two to three germ layers. One conserved layer, the endoderm, eventually gives rise to the majority of the epithelial linings of the gastrointestinal and respiratory tracts, thymic epithelium, and the lining of thyroid gland follicles. During this period, PGCs -the cells that eventually give rise to gametes -migrate to and interact with the endoderm prior to homing to the genital ridges. Though we have learned a lot about the timing and migration of PGCs in association with the endoderm, whether the endoderm modifies PGCs during this interaction has remained unclear. Microscopy observations have shown that PGCs, when associated with the endoderm, form protruding lobes. Using elegant and cutting-edge imaging studies, Abdu et al. [5] now demonstrate that PGCs intrinsically control lobe formation/ extension and that these lobes are then 'eaten' by endodermal cells that are in contact with these lobes (Figure 1 ). We know that this process involves active eating/uptake by the endodermal cells because the PGC lobes are completely contained inside vesicles that are positive for lysosome-associated membrane protein 1 (LMP-1), indicating degradation of ingested material inside the lysosome, and embryos lacking endodermal cells failed to eat PGC lobes.
This finding alone is important for two reasons: it shows that phagocytosis of pieces of live cells by other cells is performed remarkably early in embryogenesis, and it provides evidence that, besides the classical phagocytosis of whole cells that has been well detailed in many tissues, partial eating of pieces of other cells is an archaic process conserved across species. Abdu et al. [5] term this 'trans-eating' by endodermal cells of the lobes of 'live' PGCs as 'cannibalism'. Such phagocytosis of partial pieces of live cells has been observed in other systems and has been variably called simply phagocytosis, frustrated phagocytosis, trogocytosis, and so on (see more below). It is important to distinguish this cannibalism/trogocytosis from autophagy, which allows organelles to be recycled when damaged by adverse environmental conditions or infectious pathogens [6] (the discovery of the mechanisms of this self-eating process led to the 2016 Nobel Prize [7] ). For example, damage to mitochondria triggers rapid and selective autophagy of these organelles via a process termed mitophagy [8] . Indeed, such 'selfdevouring' has been reported to occur in bulk (macroautophagy) or selectively for most organelles [7] . In the cannibalism reported by Abdu et al. [5] , however, it is the trans-eating of mitochondria and other contents, such as P granules from a lobe protruding from the PGC by endodermal cells, while sparing the rest of the PGC, that is particularly interesting.
The obvious question is: why is cannibalism of PGC lobes important? Abdu et al. [5] provide some explanation. The answer ultimately came from assessing the contents of the PGC lobes. These authors found that the PGC lobes that are pinched off by endodermal cells contained mitochondria, as determined by germ-cell-specific labeling of the mitochondrial outer membrane protein MOMA-1. Though there was no detectable change in mitochondrial membrane potential in the lobes, superoxide formation was robust. Thus, the authors suggest that lobe formation removes oxidant-rich mitochondria from PGCs, which is also reflected in the reduction of total mitochondrial mass in PGCs. This finding raises another set of questions: in particular, is dynamic remodeling of mitochondria in PGCs essential for lobe formation and extrusion? And if so, which signals dictate if and when a PGC should form a lobe (Figure 1 )? This process seems distinct from the formation of destabilized synaptic boutons (or small lobes), which appear to be actively extruded from presynaptic neurons and then trimmed by glial cells, as reported in Drosophila [9] .
Abdu et al. [5] clearly show that PGC lobe removal is actively performed by endodermal cells. It was initially logical to suspect that the excision and digestion of PGC lobes is mediated by endodermal cells through pathways that were previously demonstrated to be important for phagocytosis in C. elegans, including the CED-1/6/7 and CED-2/5/12 pathways, both of which recruit CED-10/Rac [10] . Although these authors found that CED-10 was indeed required for lobe removal, mutants in the CED-1/6/7 and CED-2/5/12 pathways did not show defects in PGC lobe removal. When the authors performed a forward genetic screen, they identified a partial deletion mutant of lst-4 (which encodes SNX9, a sorting nexin family member and regulator of endocytosis) that could phenocopy the defect observed in ced-10 mutants. LST-4 functions via the recruitment of dynamin and actin, with the latter initiating the excision and subsequent digestion of PGC lobes (Figure 1) . Paradoxically, LST-4 recruitment does not require CED-10; it is therefore not currently known what recruits CED-10 to the site of PGC lobe excision.
How does this cannibalism differ from conventional phagocytosis? Generally, when a phagocyte eats dying cells (such as removal of apoptotic germ cells by gonadal sheath cells in the worm, or eating of apoptotic cells by macrophages in mammals), the whole target cell is usually engulfed. Fascinatingly, the process of PGC lobe excision and digestion is similar to a process pervasive throughout the immune system, known as trogocytosis, literally 'cell gnawing' [11] . In trogocytosis, a recipient cell steals membrane and associated proteins or cellular contents from a donor cell. In the immune system, this is particularly During embryogenesis, primordial germ cells (PGCs) encounter endodermal cella. Through unknown signals, PGCs come into apposition with endodermal cells subsequently forming small protrusions or 'lobes'. Then, possibly via soluble or receptor-mediated signaling, endodermal cells 'pinch' off PGC lobes. Lobe scission is facilitated through two independent pathways: the first requires actin remodeling via CED-10/Rac, whereas the second requires DYN-1/Dynamin and LST-4/SNX-9 to pinch off the lobe. These lobes contain concentrated levels of mitochondria and P granules, and the pinching off of these lobes may reduce reactive oxygen species and total mitochondria in PGCs. Finally, the lobe contents are degraded by endodermal cells. important for antigen presentation during an adaptive immune response [12] . Although the precise mechanism(s) and regulation of trogocytosis remain elusive, it is tempting to speculate that the mechanism of 'cannibalism' reported by Abdu et al. [5] and the machinery involved in trogocytosis are perhaps shared. This process of trogocytosis has also been observed in amoebic infections, where the parasite Entamoeba histolytica pinches off pieces of mammalian host tissue; however, contrary to the 'viable' excision of pieces of PGCs by endodermal cells, trogocytosis by amoebae induces death of the host cells and damages tissues [13] .
Other physiological and pathological examples of such cannibalism have been reported where the target cell, from which pieces are removed by a phagocyte or neighboring cell, can remain viable. Every day in mammals, around dawn, the retinal pigment epithelial cells (RPE) 'pinch off' spent rod outer segments from the previous day [14] . This process, which can be imagined as daily trimming of the blades of grass of a lawn, leaves photoreceptors intact by removing only the outer segments. A key difference between the endodermal pinching of PGC lobes and RPE-induced clearance is that RPE-mediated removal of photoreceptor outer segments is dependent on phosphatidylserine (PtdSer) and critically requires the receptor Mer-TK. Similarly, amoebic trogocytosis was also linked to PtdSer-dependent recognition. Paul Martin and colleagues [15] have suggested that, in the tumor microenvironment, where pre-neoplastic cells are in close apposition with recruited neutrophils and macrophages, neutrophils nibble parts of the tumor cells without inducing their death. Another example is in inflamed adipose tissue, where macrophages that surround a large adipocyte (in the so-called 'crown-like structures') are far too small in size to engulf the whole adipocyte and therefore nibble on this cell [16] .
What is particularly curious is that Abdu et al. [5] show that the recognition of the lobes of PGCs by endodermal cells is not dependent on the two known engulfment pathways, suggesting that the receptor CED-1 in the first pathway and the receptor(s) upstream of CED-12/CED-5 in the second pathway are likely not relevant for this cannibalism. Whether the additional engulfment pathway (besides the two better-defined ones) previously suggested by Hurwitz et al. [17] (that acts via ABL-1/ABI-1 proteins) or PtdSerdependent recognition via a different set of receptors that do not engulf the whole cell play a role in this cannibalism remains to be seen. Of course, the next challenge in elucidating such a PtdSer-dependent uptake pathway would be to determine how a cell can locally expose PtdSer only in the PGC lobes, and not on the rest of the cell. While we currently do not have insights into the mechanisms of such 'localized' PtdSer exposure, examples of such partial unveiling of PtdSer on a cell do exist, such as in skeletal myoblast fusion, where PtdSer exposure on specific parts of the myoblast engenders fusion to form myotubes [18] .
Therefore, as with all good pieces of work, the finding from Abdu et al. [5] that endodermal cells eat PGC lobes is fascinating whilst also raising a number of questions. How pervasive is such 'cannibalism' in complex mammalian tissues? Given that the endoderm develops into major epithelial layers, it follows that mammalian endodermal cells should also be capable of cannibalism of their neighbors. The so-called nonprofessional phagocytes, such as epithelial cells and fibroblasts in mammals, are well-equipped for such neighbor nibbling as well. Therefore, identifying which receptors and pathways mediate such specific and targeted cannibalism will provide work for several years to come, with relevance well beyond PGCs. Nevertheless, the process of endodermal pinching observed in C. elegans provides a beautiful system to pick this apart further.
